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@ The invention provides absorbable compo- 
sitions for use as or in bone sealants. The 
compositions comprise, by weight: from 10% 
to 70% of a fibrous protein such as collagen ; 
from 1% to 20% of a tackifying agent such as 
dextran; from 0.001% to 20% of a 
mucopolysaccharide such as hyaluronic acid ; 
and from 10% to 80% of a physiologically ac- 
ceptable electrolyte solution such as phosphate 
- buffered physiological saline. The compo- 
sitions are malleable, absorbable, biocompat- 
ible and exhibit excellent storage properties at 
30°C. 




s s 



Q- 

LU 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP0 572 272 A1 



2 



The present invention relates to an absorbable 
composition for use in medical treatment, in particular 
as a bone sealant following operative surgery. 

Control of bleeding from the cut end of bone is of- 
ten a necessity during surgery. Control of bleeding s 
from sections of the skull during neurosurgery is par- 
ticularly important. Control of bleeding is normally 
achieved by applying a haemostatic wax or paste to 
the cut surface of the bone. Since at least some of the 
wax or paste remains in situ following the operative 10 
procedure, the wax or paste should be biocompatible 
and preferably resorbable so as not to interfere with 
healing of the bone. It is also desirable that the wax 
or paste should contain humectants and other agents, 
such as fibrous proteins, that are known to promote 15 
wound healing. 

From the late 19th century onwards control of 
bleeding from the cut end of bone was achieved by 
means of bone waxes smeared onto the cut surface 
of the bone. Traditionally these bone waxes com- 20 
prised mainly refined beeswax and their haemostatic 
action was physical since the wax acted by tampo- 
nade or plugging of the cut edges of the bone. The 
chief drawback of such traditional bone waxes is that 
the wax is not absorbable by the body and remains 25 
virtually unaltered from its original state at implanta- 
tion in the patient. This can result in complications of 
healing, such as non-healing extrusion and sinus for- 
mation, which may be associated with the presence 
of a non-absoroable foreign body. 30 

A further drawback of the traditional beeswax-ba- 
sed bone waxes is that they can be hard, brittle and 
non-adherent at room temperature, especially after 
prolonged storage. The waxes then need to be used 
at elevated temperatures in orderfor them to have the 35 
requisite malleability, tack and adherence. 

Various bone sealant compositions have been 
described with the objective of overcoming one or 
both of the above drawbacks of the beeswax-based 
bone sealants: 40 

US-A-339521 7 discloses bone wax compositions 
comprising low molecular weight ethylene copolymer 
waxes containing from 15 to about 40 percent by 
weight of a comonomer and having molecular weights 
in the range of from 1000 to 4000. These waxes have 45 
a consistency such that they can be kneaded be- 
tween the fingers at room temperature, and a degree 
of tack which enables them to adhere to cut bone sur- 
faces without being unduly difficult to manipulate. 
However, the bone waxes disclosed in US-A- 50 
3395217 are not absorbable. 

US-A-2772999 discloses an absorbable bone 
wax comprising a water soluble innocuous base and 
free acid cellulose glycolic acid ether or free acid cel- 
lulose hydroxypropionic acid ether as a haemostatic 55 
agent. The composition also preferably contains a 
tackrfier such as cellulose glycolic acid ether salt or 
cellulose hydroxypropionic acid ether salt (preferably 



sodium salt) and water as a plasticiser. 

GB-A-1 584080 discloses bone wax compositions 
that are fully absorbable and have an additional hae- 
mostatic effect over and above the physical haemo- 
static action of the wax. The compositions comprise 
from 10 to 50 percent by weight of a mixture of fibrin 
and collagen powders, the balance of the composi- 
tions being a water-soluble and biocompatible base. 
The base preferably contains dextran to function as a 
tackifier. The additional haemostatic effect of the 
compositions is ascribed to the presence of both fi- 
brin and collagen powders. Bone waxes of this type 
have been adopted into clinical practice. They are 
sold under the Registered Trade Mark ABSELE, a 
typical such composition comprising 17.5% by weight 
of stabilised ox fibrin, 17.5% by weight of stabilised ox 
collagen, 8.0% by weight of Dextran 70 (i.e. dextran 
having a molecular weight of 60000 to 80000) and 
30.0% by weight of Glycerol B.P., the balance of the 
composition being water. This composition has a put- 
ty-like consistency at room temperature making it 
easy to apply to cut bone surfaces in a spreading ac- 
tion using the fingers or suitable applier. The formu- 
lation of the sealant is such that it adheres well to the 
bone surface without peeling off onto gloves or in- 
struments. The composition adheres well to itself, so 
that the amount used in an operative procedure can 
be added to at any time as required. The composition 
is absorbable, with complete absorption taking place 
within two to three weeks with minimal tissue reac- 
tion. 

A significant drawback of the compositions dis- 
closed in GB-A-1 584080 is inadequate storage prop- 
erties. The compositions must be stored under cool 
temperature conditions not exceeding 15°C. Expos- 
ure to temperatures in excess of 30°C irreversibly al- 
ters the structure of the compositions, resulting in a 
crumbly texture and reduced adherence to bone sur- 
faces. 

GB-A-2131293 disclosures pasty compositions 
useful as dressings in the treatment of dry sockets fol- 
lowing tooth extraction or for other medical purposes, 
including use as a bone sealant. The compositions 
comprise collagen or another collagen-type gelati- 
nous material, dextran and an aqueous saline solu- 
tion. The particularly preferred composition contains 
22% by weight of insoluble collagen, 22% by weight 
of solubilised collagen, 8% by weight of Dextran 70 
and 48% by weight of normal saline solution. This 
composition is stated to be superior to the composi- 
tions disclosed in GB-A-1 584080 for the purpose of 
dressing dry sockets because it exhibits less tenden- 
cy to dissolve in oral fluids. However, this composition 
also suffers from the problem of poor storage proper- 
ties above 1 5°C, resulting in deterioration in the phys- 
ical properties and consistency of the paste on stor- 
age at normal ambient temperatures. 

Accordingly, it is an object of the present inven- 
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tion to provide absorbable paste compositions for use 
as bone waxes, which compositions can be made to 
have optimised tack and consistency at physiological 
temperatures and which compositions have excellent s 
storage properties at 30°C. 

The present invention provides a composition for 
use in medical treatment, which composition compris- 
es, by weight: from 10% to 70% of one or more fibrous 
proteins; from 1% to 20% of one or more tackifying 10 
agents; from 0.001 % to 20% of one or more mucopo- 
lysaccharides; and from 10% to 80% of an aqueous 
solution of a physiologically acceptable electrolyte. 

The fibrous proteins may be any one or more of 
the known fibrous proteins such as collagen, fibrin, 15 
elastin, fibronectin, laminin or the like. The preferred 
weight concentration range of the one or more fibrous 
proteins is from 30% to 50% of the composition. 

The preferred fibrous protein is collagen. The col- 
lagen will typically be medical grade mature bovine 20 
collagen obtained from cow hide. Medical grade col- 
lagen is obtained from limed or unlimed hide. The raw 
collagen obtained by grinding or mincing the hide can 
be treated with enzymes such as pancreatin to re- 
move non-collagenous proteins and fats. Other pro- 25 
teolytic enzymes such as trypsin and pronase may 
also be considered which will digest protein impurities 
while leaving the collagen intact. The enzyme-treated 
collagen is washed in saline solution to remove solu- 
ble impurities, followed by rinsing in deionised water, 30 
freeze drying, and milling. With suitable extensive 
washing procedures in salt solutions the enzyme 
cleaning process may be omitted. The collagen may 
additionally be solubilized by treatment with pepsin or 
by acid extraction etc. Alternatively, collagen may be 35 
used in the form of ground, crushed or demineralised 
bone. 

The tackifying agent may for example be dextran 
or a bioabsorbable cellulose derivative such as the 
sodium salt of cellulose glycol ic acid ether or the so- 40 
dium salt of cellulose hydroxypropionic acid ether. 
The tackifying agent may also be a bioabsorbable 
starch derivative, a polyglucoside, gelatin or collagen 
gel, or polyvinyl pyrrolidone. The preferred tackifying 
agent is Dextran 70, which is a mixture of dextrans 45 
having molecular weights in the range 60000 to 
80000. The preferred weight concentration range for 
the tackifying agent is from 5% to 1 0% of the compo- 
sition. 

The mucopolysaccharide may be one of the 50 
known naturally occurring mucopolysaccharides 
such as hyaluronic acid or any salt thereof, chondroi- 
tin, chondroitin-4-sulphate, chondroitin-8-sulphate, 
heparin, heparan sulphate, keratan sulphate, derma- 
tan sulphate, sulphated dextrans, an alginate, guar, 55 
locust-bean gum or gum tragacanth. 

The mucopolysaccharide is preferably present in 
a weight concentration range of from 0.05% to 4% of 
the composition, and more preferably 0.05% to 1.0% 



of the composition. The preferred mucopolysacchar- 
ide is hyaluronic acid or any salt thereof. Hyaluronic 
acid is a naturally occurring mucopolysaccharide 
found in connective tissue, in the aqueous humour of 
the eye, and in synovial fluid. Hyaluronic acid con- 
sists essentially of alternating D-glucuronic acid and 
N-acetylglucosamine units. It can be isolated from an- 
imal tissues such as rooster comb, or produced by fer- 
mentation of streptococcus bacteria. Hyaluronic acid 
produced by fermentation is readily available and in- 
expensive, and is therefore preferred for the practice 
of this invention. Hyaluronic acid having a wide range 
of molecular weights may be used for the present in- 
vention. Typically, the hyaluronic acid will have a mo- 
lecular weight in the range from 30000 to 2 million. 

The aqueous solution of a physiologically accept- 
able electrolyte is preferably a physiological saline, 
but any harmless electrolyte may be used. The phys- 
iological saline will typically be phosphate buffered to 
physiological pH. 

The compositions according to the present inven- 
tion may also contain up to 40% by weight of one or 
more polyhydric alcohols such as glycerol, or poly- 
ethylene glycols having molecular weights in the 
range 100 to 4000. The polyhydric alcohol functions 
as a humectant and improves the consistency and 
stability of the compositions. The preferred polyhyd- 
ric alcohol is glycerol. 

Compositions according to the present invention 
are haemostatic, biocompatible, no n- immunogenic, 
absorbable, replaceable by host tissue, pliable and 
easy to apply. By adjustment of the amounts of the 
various constituents the degree of tack and malleabil- 
ity of the compositions may be optimised for each 
medical application that is envisaged. 

Compositions according to the present invention 
may be used as or in absorbable bone sealants, in 
which case the amount of each constituent in the 
composition will be adjusted to provide a composition 
that is malleable at room temperature and that sticks 
well to cut surfaces of bone without peeling off onto 
gloves or instruments. 

In vivo studies have shown that the bone sealant 
compositions made according to the present inven- 
tion are biocompatible and fully absorbed at least as 
fast as the prior art bone sealants disclosed in GB-A- 
1584080. Furthermore, important advantage of the 
compositions according to the present invention is 
that they exhibit improved storage properties when 
compared with the best prior art absorbable bone 
sealant compositions. The compositions according to 
the present invention can be stored without deterior- 
ation for at least 72 weeks at 30°C. In contrast, the pri- 
or art compositions disclosed, for example, in GB-A- 
1584080 suffer severe deterioration after only 36 
weeks' storage at 30°C. The improvement in the stor- 
age properties of the compositions according to the 
present invention is apparently due to the presence of 
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the small quantities of mucopolysaccharide. 

Preferred embodiments of the present invention 
will now be described further, by way of example only, 
with reference to the following examples: 

Example 1 

An absorbable bone sealant composition accord- 
ing to the present invention is prepared as follows. 
First, 120mg of freeze-dried hyaluronic acid (pro- 
duced by fermentation, supplied by Fermentech Ltd., 
approximate molecular weight 1-2 million) is dis- 
solved in 48ml of phosphate- buffered physiological 
saline. Then 44g of enzyme cleaned medical grade 
collagen powder and 8g of Dextran 70 are dispersed 
In the hyaluronic acid solution by mixing. The result- 
ing composition is cast into 2g round tablets, each of 
which is separately packaged in a sealed aluminium 
foil pouch. The pouches are sterilized by exposure to 
a minimum dosage of 25kGy of Cobalt 60 -^irradia- 
tion. 

Example 2 

An absorbable bone sealant composition accord- 
ing to the prior art disclosed in GB-A-1584080 is pre- 
pared as follows, first, 30g of glycerol B.P. and 8g of 
Dextran 70 are dissolved in 27ml of water. Then 17.5g 
of solubilised collagen (moisture content 20%) and 
1 7.5g of fibrin powder are dispersed in the solution by 
mixing. The resulting composition is packaged and 
sterilised as described in Example 1. 

Example 3 

The storage properties of the packaged and ster- 
ilised compositions prepared as in Example 1 and 2 
are compared as follows. In each case the 2g pouch- 
es of the respective compositions are divided into 
three batches. The first batch is tested immediately to 
determine the baseline adhesion and extrusion prop- 
erties, as described below. The second batch is stor- 
ed in a cool room in which the temperature is main- 
tained below 15°C. Trie adhesion and extrusion prop- 
erties of samples from the second batch are meas- 
ured at 12 week intervals. The third batch is stored in 
an incubator at 30° C. The adhesion and extrusion 
properties of samples from the third batch are meas- 
ured at 6 week intervals. 

The adhesion properties of the compositions are 
tested by measuring the force required to separate 
two serrated plates bonded together by the compo- 
sitions. For this test, a 2g sample of each composition 
is spread between two 38mm x 26mm plates having 
serrated faces, which are then pressed together un- 
der a 5kg load for 30 seconds. The plates are then 
clamped in an INSTRON (Registered Trade Mark) 
Tensilometer and the force required to pull the plates 



apart is measured. 

The extrusion properties of the compositions are 
tested by measuring the force required to extrude the 

5 compositions through a syringe of standard dimen- 
sions. For this test, a 1g sample of each composition 
is inserted into a Iml plastic syringe (B-D Plastipak). 
The syringe is then clamped in an INSTRON (Regis- 
tered Trade Mark) Tensilometer and the force re- 

10 quired to expel the composition from the syringe is 
measured. 

The results of the above measurements are 
shown in the accompanying figures, in which: 

Figure 1 shows the extrusion and adhesion for- 

is ces in Newtons as a function of the number of 
weeks' storage for examples stored at less then 
1 5°C. Open circles/open squares represent adhesion 
data; filled circles/filled squares represent extrusion 
data. Squares represent data for the compositions 

20 prepared as in Example 1 ; circles represent data for 
the compositions prepared as in Example 2. 

Figure 2 shows the equivalent data to that in Fig- 
ure 1 for samples stored at 30 °C. 

Each data point in Figures 1 and 2 is an average 

25 (mean) of at least five measurements. 

The following features are apparent from the test 
data. First, there is an initial stabilisation period for 
both the compositions which results in significant 
changes in the adhesion and extrusion properties 

30 during the first few weeks of storage. However, fol- 
lowing this initial stabilisation period the adhesion 
and extrusion properties of the composition accord- 
ing to the present invention made as in Example 1 re- 
main substantially constant to within one standard de- 

35 viation during 72 weeks' storage at both 15°C and 
30°C. In contrast, the prior art composition made as 
in Example 2 shows a marked deterioration on stor- 
age at 30°C. This deterioration is manifested by the 
diminishing adhesion force and the high and erratic 

40 extrusion force, both of which are due to a more dry 
and crumbly texture of the composition after storage 
at 30°C. There is also in Figure 1 an indication that the 
adhesion force of the prior art composition decreases 
on prolonged storage even at temperatures below 

45 15°C. These test data confirm the experience of 
users of the prior art compositions, who have found 
that the compositions become dry and crumbly fol- 
lowing exposure to temperatures above 15°C. The 
compositions according to the present invention re- 

50 main malleable and adherent even after prolonged 
storage at 30°C. 

The above illustration of the present invention is 
intended by way of example only. Many other embodi- 
ments of the present invention as defined in the ac- 

55 companying claims will immediately be apparent to 
persons skilled in the art 
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Claims 

1 . A composition for use in medical treatment, which 
composition comprises, by weight 

from 10% to 70% of one or more fibrous 
proteins; 

from 1 % to 20% of one or more tackif ying 
agents; 

from 0.001 % to 20% of one or more muco- 
polysaccharides; and 

the balance of the composition comprising 
from 10% to 80% of an aqueous solution of a 
physiologically acceptable electrolyte. 

2. A composition according to claim 1 wherein the 
one or more fibrous proteins comprise collagen, 
fibrin, elastin, f ibronectin or laminin. 

3. A composition according to claim 1 or 2 wherein 
the one or more tackif ying agents comprise dex- 
tran or a bioabsorbable cellulose derivative or a 
bioabsorbable starch derivative. 

4. A composition according to any preceding claim 
wherein the one or more mucopolysaccharides 
comprise hyaluronic acid or any salt thereof, 
chondroitin, chondroitin-4-sulphate, chondroitin- 
6- sulphate, heparin, heparan sulphate, keratin 
sulphate, derma tan sulphate, an alginate, sul pir- 
ated dextrans, guar, locust-bean gum or gum 
tragacanth. 

5. A composition according to any preceding claim 
wherein the aqueous solution of a physiologically 
acceptable electrolyte is physiological saline. 

6. A composition according to any preceding claim 
wherein the composition further comprises up to 
40% by weight of a polyhydric alcohol. 

7. A composition according to claim 6 wherein the 
polyhydric alcohol is glycerol. 

8. A composition according to any preceding claim 
wherein the amount of the one or more fibrous 
proteins is from 30% to 50% by weight. 

9. A composition according to any preceding claim 
wherein the amount of the one or more tackifying 
agents is from 5% to 10% by weight. 

10. A composition according to any preceding claim 
wherein the amount of the one or more mucopo- 
lysaccharides is from 0.05% to 4% by weight. 

11. A composition according to any preceding claim 
wherein the amount of the one or more mucopo- 
lysaccharides is from 0.05% to 1% by weight. 



12. A composition according to any preceding claim 
for use as an absorbable bone sealant. 

5 13. Use of a composition according to any of claims 
1 to 12 for the preparation of a medicament for re- 
ducing bleeding from cut surfaces of bones dur- 
ing and after surgery. 

10 
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